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(54) Method for synchronizing signals and structures therefor 



(57) A serial data signal is synchronized to a clock 
signal in a synchronization circuit (10). Synchronization 
is accomplished by generating a plurality of delayed ver- 
sions of the serial data signal using serially connected 
delay elements (21-27). The delayed versions of the 
serial data signal are sampled using a set of flip-flops 
(1 1 -18). The sampled delayed data signals appearing at 
the outputs of each flip-flop of the set of flip-flops (11- 



18) are used to determine which delayed data signal is 
most closely aligned to the clock signal. The output of 
the multiplexer (40) is an aligned serial data signal. In 
addition, a drift correction circuit (50) continuously mon- 
itors and corrects the alignment between the clock sig- 
nal and the aligned serial data signal. 
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Description 

Background of the Invention 

The present invention relates, in general, to the 
transmission of serial data, and more particularly, to the 
synchronization of a serial data signal to a clock signal. 

Serial transmission of data is widely used in appli- 
cations such as data transmission from a computer to a 
peripheral apparatus, data transmission within tele- 
phone switching equipment, data transmission over a 
computer backplane, and the like. Common approaches 
for serially transmitting data have included sending both 
clock and data signals to the receiving circuit, phase- 
locking a local clock to an incoming serial data stream, 
and slaving startfetop voltage controlled oscillators 
( VCOs) to a master VCO. Limitations of the technique of 
sending both clock and data signals include the require- 
ment for two channels, and the potential for skew 
between the received clock and data. A drawback of 
phase-locking a local clock to an incoming data stream 
is the relatively long time required to synchronize the 
dock to the incoming serial data stream. A drawback of 
slaving two voltage controlled oscillators to a master 
VCO is that it is difficult to implement this type of circuit 
configuration for high-speed applications. 

Accordingly it would be advantageous to have a cir- 
cuit and a method for synchronizing a serial data signal 
to a clock signal. It would be of further advantage to 
have a means for transmitting serial data over a single 
channel at very high speeds. 

Brief Description of the Drawings 

FIG. 1 is a schematic diagram of a synchronization 
circuit in accordance with a first embodiment of the 
present invention; 

FIG. 2 is a timing diagram showing the relationship 
between the clock signal CLK and the serial data 
signal ALIGNED DATA for the synchronization cir- 
cuit of FIG. 1; 

FIG. 3 is a timing diagram of received data and 
delayed data through the delay elements with 
respect to a clock signal for the synchronization cir- 
cuit of FIG. 1; 

FIG. 4 is a schematic diagram of a drift correction 
circuit in accordance with the present invention; 
and 

FIG. 5 is a timing diagram for the drift correction cir- 
cuit of FIG. 4. 

Detailed Description of the Drawings 

Generally, the present invention provides a circuit 
and a method for synchronizing an incoming serial data 
stream to a clock signal. Synchronization is accom- 
plished by generating a plurality of delayed versions of 
the serial data signal using delay elements or gates. 



The clock signal serves as a reference signal used in 
selecting the delayed version of the serial data signal 
that is most closely aligned to the clock signal. More 
particularly, the delayed output signals are sampled and 

5 the sampled delayed output signals are placed at the 
inputs of corresponding flip-flops. The falling edges of 
the clock signal causes the sampled delayed output sig- 
nals to propagate to the outputs of the corresponding 
flip-flops. The data signals appearing at the outputs of 

w the corresponding flip-flops are transmitted to a logic 
AND gate and logically ANDed to determine which 
delayed version of the serial data signal most closely 
aligns to the reference clock signal. The output signals 
appearing at the outputs of the AND gates serve as the 

is select signals for a multiplexer. The output of the multi- 
plexer is the aligned serial data signal that propagates 
through the multiplexer in accordance with the select 
signals. 

In accordance with another aspect of the present 
20 invention, the aligned serial data signal is transmitted to 
a drift correction circuit which maintains the alignment 
between the clock and serial data signals. In this aspect 
of the present invention, the alignment of a negative 
transitioning clock edge to the rising edge of the serial 
25 data signals is continuously monitored. When the clock 
signal drifts from the serial data signal, a drift correction 
circuit re-aligns the clock signal to the aligned serial 
data signal. 

FIG. 1 is a schematic diagram of a synchronization 

30 circuit 1 0 in accordance with the present invention. Syn- 
chronization circuit 10 includes a plurality of flip-flops 
1 1-1 8. a plurality of delay elements 21 -27, a decode cir- 
cuit comprising a plurality of AND gates 31 -38, a plural- 
ity of inverters 41-47, and a multiplexer (MUX) 40. By 

35 way of example, the flip-flops are D-type flip-flops, 
wherein each D-type flip-flop has a data input, a clock 
input that is asserted by falling edges of the clock signal, 
and a data output. Further, multiplexer 40 has eight data 
inputs (D 0 -D 7 ), eight select inputs (S0-S7) which serve 

40 as control inputs, and a data output at output terminal 
39, i.e., MUX 40 is an 8:1 MUX. 

More particularly, the clock inputs of each D-type 
flip-flop 11, 12, 13, 14, 15, 16. 17, and 1 8 are commonly 
connected to terminal 48 of synchronization circuit 10. 

45 Terminal 48 is coupled for receiving a reference dock 
signal from, for example, a system clock, a phase- 
locked loop circuit, or the like. 

The data input of flip-flop 1 1 is coupled to input ter- 
minal 20 of synchronization circuit 10. An input terminal 

so of delay element 21 is commonly connected to the data 
input of flip-flop 11, to input terminal 20, and to data 
input D 0 of MUX 40, thereby forming a node 21 A. An 
output of f yp-f lop 1 1 is connected to a first input of AND 
gate 31 . An output of AND gate 31 is coupled to select 

55 input Sq of MUX 40. 

The data input of flip-flop 12 is commonly con- 
nected to an output of delay element 21 , to an input of 
delay element 22, and to data input D1 of MUX 40, 
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thereby forming a node 22A. Thus, the data input of flip- 
flop 12 is coupled to the data input of flip-flop 1 1 through 
delay element 21. An output of flip-flop 12 is connected 
to a first input of AND gate 32 and to a second input of 
AND gate 31 via inverter 41 . An output of AND gate 32 5 
is coupled to select input S 1 of MUX 40. 

The data input of flip-flop 13 is commonly con- 
nected to an output of delay element 22, to an input of 
delay element 23. and to data input D 2 of MUX 40, 
thereby forming a node 23A. Thus, the data input of flip- w 
flop 1 3 is coupled to the data input of flip-flop 1 2 through 
delay element 22. An output of flip-flop 1 3 is connected 
to a first input of AND gate 33 and to a second input of 
AND gate 32 via inverter 42. An output of AND gate 33 
is coupled to select input of MUX 40. 15 

The data input of flip-flop 14 is commonly con- 
nected to an output of delay element 23, to an input of 
delay element 24, and to data input D 3 of MUX 40, 
thereby forming a node 24A. Thus, the data input of flip- 
flop 1 4 is coupled to the data input of flip-flop 1 3 through so 
delay element 23. An output of flip-flop 14 is connected 
to a first input of AND gate 34 and to a second input of 
AND gate 33 via inverter 43. An output of AND gate 34 
is coupled to select input S3 of MUX 40. 

The data input of flip-flop 15 is commonly con- 25 
nected to an output of delay element 24, to an input of 
delay element 25, and to data input D 4 of MUX 40, 
thereby forming a node 25A. Thus, the data input of flip- 
flop 1 5 is coupled to the data input of flip-flop 1 4 through 
delay element 24. An output of flip-flop 15 is connected 30 
to a first input of AND gate 35 and to a second input of 
AND gate 34 via inverter 44. An output of AND gate 35 
is coupled to select input S 4 of MUX 40. 

The data input of flip-flop 16 is commonly con- 
nected to an output of delay element 25, to an input of 35 
delay element 26. and to a data input D 5 of MUX 40. 
thereby forming a node 26A. Thus, the data input of flip- 
flop 16 is coupled to the data input of flip-flop 1 5 through 
a delay element 25. An output of flip-flop 16 is con- 
nected to a first input of an AND gate 36 and to a sec- 40 
ond input of AND gate 35 via an inverter 45. An output 
of AND gate 36 is coupled to select input S 5 of MUX 40. 

The data input of flip-flop 17 is commonly con- 
nected to an output of delay element 26. to an input of 
delay element 27. and to data input D 6 of MUX 40, 45 
thereby forming a node 27A. Thus, the data input of flip- 
flop 1 7 is coupled to the data input of flip-flop 1 6 through 
delay element 26. An output of flip-flop 1 7 is connected 
to a first input of AND gate 37 and to a second input of 
AND gate 36 via inverter 46. An output of AND gate 37 so 
is coupled to select input S 6 of MUX 40. 

The data input of flip-flop 18 is commonly con- 
nected to an output of delay element 27 and to data 
input D 7 of MUX 40, thereby forming a node 28A. Thus, 
the data input of flip-flop 1 8 is coupled to the data input 55 
of flip-flop 17 through delay element 27. An output of 
flip-flop 18 is commonly connected to a first and a sec- 
ond input of AND gate 38 and to a second input of AND 



gate 37 via inverter 47. An output of AND gate 38 is cou- 
pled to select input S 7 of MUX 40. 

Although flip-flops 11-18 are shown as being in a 
singl -ended configuration, this is not a limitation of the 
present invention. In other words, flip-flops 11-18 may 
be configured differentially such that the true output is 
coupled to the first input of a corresponding AND gate 
and the complementary output is coupled to the second 
input of the corresponding AND gate. It should be noted 
that when flip^flips 11-18 are configured differentially, 
inverters 41 -47 are not used. i.e.. the differential config- 
uration provides an inverted output signal. 

The operation of synchronization circuit 10 will be 
described with references to FIGs. 1. 2, and 3. Now 
referring to FIG. 2, a timing diagram 49 showing the 
relationship between the clock signal CLK and the serial 
data signal ALIGNED DATA in accordance with the 
present invention is illustrated. In operation, clock signal 
CLK preferably has a 50% duty cycle and is continu- 
ously received by flip-flops 1 1-1 8 via the clock input at 
terminal 48. Serial data signal ALIGNED DATA is trans- 
mitted from output terminal 39 of MUX 40 and is 
referred to as the aligned serial data signal because the 
rising edge 51 of clock signal CLK is approximately cen- 
tered within the data bit 52 of serial data signal 
ALIGNED DATA. In accordance with the present inven- 
tion, the falling edge 53 of clock signal CLK corresponds 
to the rising edge 54 of data bit 52. Because the duty 
cycle of clock signal CLK is approximately 50%, syn- 
chronization circuit 10 uses the falling edge 53 of clock 
signal CLK to synchronize dock signal CLK to the serial 
data signal SERIAL DATA appearing at input terminal 
20 (FIG. 1). Synchronization circuit 10 serves as an 
alignment circuit and causes a low state to high state 
transition edge of an electrical signal, i.e., the input data 
signal, to align with the high state to low state transition 
edge of the clock signal. As those skilled in the art are 
aware, a high state is also referred to as a logic high, a 
logic one. or a logic one signal and a low state are also 
referred to as a logic low, a logic zero, or a logic zero sig- 
nal. 

FIG. 3 shows the timing relationship between clock 
signal CLK and the delayed serial data signals 21 B- 
28B. It should be understood that the same reference 
numerals are used in the figures to denote the same 
elements. In accordance with one example of the 
present invention, flip-flops 11-18 are clocked by the 
falling edges of clock signal CLK. It should be under- 
stood that the particular edge of clock signal CLK that 
serves as the active edge is not a limitation of the 
present invention. In other words, flip-flops 11-18 may 
be clocked by either the falling or rising edges of clock 
signal CLK. 

The serial data signal SERIAL DATA arrives at input 
terminal 20 and propagates through delay elements 21 ■ 
27. The propagation delay of serial data signal SERIAL 
DATA is set in accordance with the amount of delay 
introduced by delay elements 21-27. For example, if 
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each delay element introduces a delay of 100 picosec- 
onds (ps), serial data signal SERIAL DATA appears at 
node 22A one hundred picoseconds after it appears at 
node 21A. Likewise, serial data signal SERIAL DATA 
appears at node 23A one hundred picoseconds after it 5 
appears at node 22A and two hundred picoseconds 
after it appears at node 21 A; serial data signal SERIAL 
DATA appears at node 24A one hundred picoseconds 
after it appears at node 23A and three hundred picosec- 
onds after it appears at node 21A; serial data signal k 
SERIAL DATA appears at node 25A one hundred pico- 
seconds after it appears at node 24A and four hundred 
picoseconds after it appears at node 21 A; serial data 
signal SERIAL DATA appears at node 26A one hundred 
picoseconds after it appears at node 25A and five hun- /5 
dred picoseconds after it appears at node 21 A; serial 
data signal SERIAL DATA appears at node 27A one 
hundred picoseconds after it appears at node 26A and 
six hundred picoseconds after it appears at node 21 A; 
and serial data signal SERIAL DATA appears at node 20 
28A one hundred picoseconds after it appears at node 
27A and seven hundred picoseconds after it appears at 
node 21 A. The delayed serial data signals appearing at 
nodes 21 A-28A are illustrated in FIG. 3 as signals 21 B- 
28B, respectively. It should be understood that the 25 
amount of delay introduced by each delay element 21- 
28 is not limited to being 100 ps. For example, the delay 
may be 50 ps, 150 ps, 200 ps. etc. In other words, the 
delay through each delay element is a design choice. 

Still referring to FIGs. 1 and 3, falling edge 53 of so 
clock signal CLK triggers flip-flops 11-18 such that data 
appearing at their inputs propagates to their outputs. 
Thus, the period of clock signal CLK and the delay of 
each delay element 21-27 are selected so that a falling 
edge 53 of the clock signal occurs at some time within 35 
the total delay of delay elements 21-27. Thus, in the 
example of FIG. 1, wherein synchronization circuit 10 
has seven delay elements 21-28 and each delay ele- 
ment has a 100 picosecond delay, the period of the 
clock is at most 700 ps. It should be noted that the 40 
number of delay elements, the amount of delay intro- 
duced by each delay element, and the period of the 
clock signal are not limitations of the present invention. 
Thus, the total delay of delay elements 21-27 is set so 
that the amount of delay is slightly larger than the clock 45 
period. Therefore, each delay element introduces a 
delay that is approximately 1/N of the period of the clock 
where N is the number of delay elements. In this exam- 
ple, the number of delay elements is 7. 

In the example illustrated by FIG. 3, falling edge 53 so 
of clock signal CLK occurs after rising edge 54 of serial 
data signal SERIAL DATA appearing at node 21 A (and 
the input to flip-flop 1 1) transitions from a low to a high 
logic level. Thus, a logic one propagates through flip- 
flop 11 in response to falling edge 53 of dock signal ss 
CLK. Similarly, falling edge 53 of clock signal CLK 
occurs after the rising edge of serial data signal SERIAL 
DATA appearing at node 21 B (and the input to flip-flop 



12) transitions from a low to a high logic level. A logic 
one propagates through flip-flop 12 in response to fall- 
ing edge 53 of clock signal CLK. However, falling edge 
53 of clock signal CLK occurs before the rising edge of 
serial data signal SERIAL DATA appears at nodes 23B- 
28B (and the inputs toflip4lops 13-18, respectively). A 
logic zero propagates through flip-flops 13-18 in 
response to falling edge 53 of dock signal CLK. Accord- 
ingly, one input of AND gate 31 receives a logic one sig- 
nal and the other input receives a logic 0 signal so that 
the oulput of AND gate 31 is a logic zero signal. AND 
gate 32, on the other hand, outputs a logic one signal 
because both inputs are at a logic one level. AND gates 
33-38 output a logic zero signal because at least one of 
their inputs receives a logic zero signal. The logic high 
level from AND gate 32 asserts the select input S t 
which causes the signal appearing at data input to 
be transmitted as the selected signal to output terminal 
39 of MUX 40. The clock signal CLK is aligned to the 
signal appearing at data input D 1f such that the rising 
edge 51 is centered within serial data bit 52. The 
aligned clock and data signals are illustrated in FIG. 2. 

FIG. 4 is a schematic diagram of a drift correction 
drcuit 50 in accordance with another embodiment of the 
present invention. Drift correction circuit 50 indudes a 
D-type flip-flop 73 and a D-type flip-flop 77 wherein 
each D-type flip-flop or drift correction f Op-flop indudes 
a data Input, a clock input, and a data output. The clock 
input of flip-flop 73 is connected to the clock input of flip- 
flop 77. In addition, the dock inputs are commonly con- 
nected to a delayed dock input through buffer drcuit 76. 
The data input of flip-flop 73 is connected to input termi- 
nal 72. In addition, the data input of flip-flop 73 is cou- 
pled to the data input of flip-flop 77 through two sub- 
drcuits or two serially coupled delay elements, such as 
buffer circuits 74 and 75. Buffer drcuit 74 is a non- 
inverting buffer circuit and buffer drcuit 75 is an inverting 
buffer circuit that provides the complement of the data at 
input terminal 72. 

Trie operation of drift correction circuit 50 will be 
described with reference to FIGs. 4 and 5. In accord- 
ance with the first example of the present invention, ter- 
minal 72 of drift correction drcuit 50 is connected to 
terminal 48 of synchronization circuit 10 and terminal 71 
of drift correction circuit 50 is connected to output termi- 
nal 39 of synchronization drcuit 10. Accordingly, drift 
correction circuit 50 receives a clock signal. CLK. at ter- 
minal 72. An aligned serial data signal, ALIGNED DATA, 
is received at terminal 71 of drift correction circuit 50. 
The aligned serial data signal is transmitted to node 82 
via a buffer circuit 76 and is therefore referred to as a 
delayed serial data signal. The delayed serial data sig- 
nal serves as a dock signal for flip-flops 73 and 77. 
When the clock signal appearing at terminal 72 is 
aligned to the serial data signal appearing at terminal 
71. flip-flops 73 and 77 are clocked low as will be 
described with reference to timing traces 63, 64, 65, and 
66. Timing trace 63 illustrates the clock signal received 
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at terminal 72; trace 64 illustrates the delayed inverted 
clock signal appearing at node 81 ; trace 65 illustrates 
the serial data signal at terminal 71 when the data sig- 
nal is aligned to the dock signal appearing at terminal 
72; and trace 66 illustrates the delayed aligned serial 
data signal. Because the data and clock signals are cor- 
rectly aligned, no correction is required by drift correc- 
tion circuit 50. It should be noted that when the data and 
clock signals are aligned, the outputs of flip-flops 73 and 
77 at output terminals 79 and 78, respectively, are at a 
logic low level. 

When the serial data arrives at terminal 71 by an 
amount of time greater than or equal to the propagation 
delay of buffer circuit 76. the serial data is said to be 
early. The propagation delay of buffer circuit 76 is set to 
approximately match the time delay in generating the 
aligned data at output terminal 39 with respect to the 
falling edge of the signal CLK. Referring to the timing 
traces of FIG. 5, the early serial data appearing at termi- 
nal 71 is illustrated by trace 67 and the early delayed 
serial data is illustrated by trace 68. In this case, the 
early delayed data signal serves as a clock signal for 
flip-flops 73 and 77. Thus, a logic high signal appears at 
output terminal 79 and a logic low signal appears at out- 
put terminal 78 of flip-flops 73 and 77, respectively. To 
further illustrate this point, the early delayed serial data 
trace 68 may be compared to the clock signal for timing 
trace 63 and the delayed inverted clock signal for timing 
trace 64. In this case, the signals on output terminals 78 
and 79 of drift correction circuit 50 may be used to 
decrease the frequency of the clock signal to realign the 
clock signal to the data signal. 

When the serial data arrives at terminal 71 by an 
amount of time less than the propagation delay of buffer 
circuit 76. the serial data is said to be late. Referring to 
FIG. 5, the late serial data appearing at terminal 71 is 
illustrated by trace 69 and the late delayed serial data is 
illustrated by trace 70. In this case, the late delayed data 
signal serves as a clock signal for flip-flops 73 and 77. 
Thus, a logic low signal appears at output terminal 79 
and a logic high signal appears at output terminal 78 of 
flip-flops 73 and 77, respectively. To further illustrate this 
point, the (ate delayed data trace 70 may be compared 
to the clock signal for timing trace 63 and the delayed 
inverted clock signal for timing trace 64. In this case, the 
signals on output terminals 78 and 79 of drift correction 
circuit 50 may be used to increase the frequency of the 
clock signal to realign the clock signal to the data signal. 

By now it should be appreciated that the present 
invention provides a circuit for synchronizing a serial 
data signal to a clock signal. The synchronization circuit 
receives a single channel of serially transmitted high 
speed data and provides a series of delay elements to 
delay the data. A low-to-high transition at a particular 
point in the data delay path corresponds to a high-to-low 
transition of a locally generated clock signal. At this 
point in the delayed data path, data bits are centered 
about the rising edge of the clock. By sampling data on 
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the rising edge of the clock, serially transmitted data is 
properly received. 

While specific embodiments of the present inven- 
tion have been shown and described, further modifica- 
tions and improvements will occur to those skilled in the 
art. It is understood that the invention is not limited to 
the particular forms shown and it is intended for the 
appended claims to cover all modifications which do not 
depart from the spirit and scope of this invention. 

Claims 

1 . A synchronization circuit, comprising ; 

a first flip-flop (11) having first and second 
inputs and an output, the second input coupled 
for receiving a clock signal; 
a second flip-flop (12) having first and second 
inputs and an output, the second input coupled 
20 for receiving the clock signal ; 

a delay element (21) having an input and an 
output, the input coupled to the first input of the 
first flip-flop (1 1) and the output coupled to the 
first input of the second flip-flop (12); 
25 a decode circuit (31) having first and second 

inputs and an output, the first input coupled to 
the output of the first flip-flop (1 1) and the sec- 
ond input coupled to the output of the second 
flip-flop (12); and 

a multiplexer (40) having first second, and third 
inputs and an output, the first input coupled to 
the output of the delay element (21), the sec- 
ond input coupled to the output of the second 
flip-flop (12), and a third input coupled to the 
output of the decode circuit (31 ). 

The synchronization circuit of daim 1, further 
induding a drift correction circuit (50) having first 
and second inputs (72, 71) and an output the first 
input (72) coupled for receiving the clock signal and 
the second input coupled to the output of the multi- 
plexer (39). 
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3. The synchronization circuit of claim 2. wherein the 
drift correction circuit indudes: 

a third flip-flop (73) having first and second 
inputs and an output (79). wherein the first 
input is coupled to the first input (72) of the drift 
correction drcuit; 

a fourth flip-flop (17) having first and second 
inputs and an output (78), the second input 
coupled to the second input of the third flip-flop; 
a first delay element (74) having an input and 
an output the input coupled to the first input of 
the third flip-flop (73) and the output coupled to 
the first input of the fourth flip-flop (77); and 
a second delay element (76) having an input 
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and an output, the input coupled to the second 
input of the drift correction circuit (50) and the 
output coupled to the second inputs of the third 
and fourth flip-flops (73. 77). 

5 

4. A synchronization circuit, comprising: 

a plurality of flip-flops (11-18). each flip-flop of 
the plurality of flip-flops (11-18) having first and 
second inputs and an output, the second input 10 
of each flip-flop of the plurality of flip-flops cou- 
pled for receiving a clock signal; 
a plurality of delay circuits (21-27). each delay 
circuit of the plurality of delay circuits having an 6, 
input and an output, wherein an input of a first 15 
delay circuit of the plurality of delay circuits (21 - 
27) is coupled to the first input of a first flip-flop 
of the plurality of flip-flops (11-18). the output of 
a last delay circuit (27) of the plurality of delay 
circuits (21-27) coupled to the first input of a 20 
last flip-flop (1 8) of the plurality of flip-flops (11- 
18), and the output of the first delay circuit (21) 
of the plurality of delay circuits (21-27) coupled 
to the input of the last delay circuit (27) of the 
plurality of delay circuits (21 -27); 25 
a plurality of decode circuits (31-37), each 
decode circuit of the plurality of decode circuits 
(31-37) having first and second inputs and an 
output, the first input of a first decode circuit 
(31) of the plurality of decode circuits (31-37) 30 
coupled to the output of the first flip-f lop(1 1 -1 8) 
of the plurality of flip-f lops and the second input 
of the last decode circuit (37) of the plurality of 7. 
decode circuits (31 -37) coupled to the output of 
the last flip-flop (1 8) of the plurality of flip-flops 35 
(11 -18); and 

a multiplexer (40) having a plurality of inputs 
and an output (39), a first input of the plurality 
of inputs coupled to the output of the first delay 
circuit (21). a second input of the plurality of 40 
inputs coupled to the output of the last delay 
circuit (27), a third input of the plurality of inputs 
coupled to the output of the first decode circuit 
(31). 



The synchronization circuit of claim 4. further 
including a drift correction circuit (50) having at 
least two inputs and an output, wherein the drift cor- 
rection circuit (50) comprises: 

a first drift correction flip-flop (73) having first 
and second inputs and an output (79), wherein 
the first input is coupled to a first input (72) of 
the at least two inputs of the drift correction cir- 
cuit; 

a second drift correction flip-flop (77) having 
first and second inputs and an output (78), the 
second input coupled to a second input of the 
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at least two inputs of the drift correction circuit 
(50); 

a first delay element (74) having an input and 
an output, the input coupled to the first input 

(72) of the first drift correction flip-flop (73) and 
the output coupled to the first input of the sec- 
ond drift correction flip-flop (77); and 

a second delay element (76) having an input 
and an output the input coupled to the second 
input (71) of the drift correction circuit (50) and 
the output coupled to the second inputs of the 
first and second drift correction flip-flops. 

An alignment circuit for aligning a first electrical sig- 
nal to a second electrical signal, comprising: 

a plurality of flip-flops (73. 77). wherein each 
flip-flop has first and second inputs and an out- 
put, the first input of a first flip-flop (73) of the 
plurality of flip-flops (73, 77) is coupled to the 
first input of a second flip-flop (77) of the plural- 
ity Of flip-flops (73-77); 

a first buffer circuit (76) having an input and an 
output (82), the output (82) of the first buffer cir- 
cuit (76) coupled to the first input of the first flip- 
flop (73); and 

a second buffer circuit (74) having an input and 
an output, wherein the second buffer circuit 
couples the second input of the first flip-flop 

(73) to the second input of the second flip-flop 
(77). 

A method for synchronizing a data signal to a clock 
signal, comprising the steps of: 

receiving the data signal (21 A); 

generating a delayed data signal (22A) from 

the data signal (21 A); 

generating a selection signal (39) by sampling 
the data signal (21 A) and the delayed data sig- 
nal (22A) when the clock signal (48) changes 
state; and 

selecting one of the data signal (21 A) and the 
delayed data signal (22A) in accordance with 
the selection signal (31) to form a selected sig- 
nal , wherein the selected signal (39) is syn- 
chronized to the clock signal (48). 

The method of claim 7, wherein the step of generat- 
ing the selection signal includes generating the 
selection signal (31) by sampling the data signal 
(21 A) and the delayed data signal when the clock 
signal (48) changes from a high state to a low state. 

The method of claim 7, wherein the step of generat- 
ing the delayed data signal (22A) from the data sig- 
nal (21 A) includes delaying the data signal by an 
amount of time that is less than a period of the clock 
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signal (48). 

1 0. The method of claim 7, wherein the step of generat- 
ing the selection signal (31) includes logically AND- 
ing a first delayed signal with a complement of a s 
second delayed signal (41). 
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